When Streptomyces alboniger spores were grown in Hickey-Tresner broth containing 5 AM ethidium bromide, a high frequency of' permanently cured aerial mycelia-negative (am-) colonies was recovered. The appearance of am colonies was time dependent: a very low frequency (0.3%) at zero time, a maximum (9 to 21%) after 2 to 5 days of growth, and a decline again to low frequencies later in the growth cycle. On agar, cured am colonies of S. alboniger still produced puromycin. The development of aerial mycelia in S. alboniger, S. scabies, and S. coelicolor was also sensitive to glucose repression. Colonies grown on HickeyTresner agar containing 2%c glucose remained phenotypically am-throughout the observation period. Adenine (2.5 mM or greater), and to a lesser extent adenosine and guanosine, specifically reversed the repression. The accumulation of undissociated organic acids appears to be involved in glucose repression of aerial mycelia formation. However, this does not appear to be the case with puromycin production in S. alboniger; glucose repression was observed over the pH range 5.0 to 7.5
One example of differentiation in a prokaryotic organism is the transition from substrate to aerial mycelia in the streptomycetes (13 
RESULTS
Curing of aerial mycelia formation in S. alboniger. Preliminary studies to demonstrate the involvement of extrachromosomal DNA in aerial mycelia and puromycin production in S. alboniger were stimulated by the following observations. (i) Gregory and Huang (8) and Okanishi et al. (15) reported significant "curing" of tyrosinase, antibiotic, and aerial mycelia formation in S. scabies, S. venezuelae, and S. kasugaensis after treatment with acridine dyes or growth at elevated temperature. The involvement of extrachromosomal DNA in the case of tyrosinase transfer was supported by genetic evidence (7) . (ii) Marked differential inhibition of S-adenosyl-L-methionine:O-demethylpuromycin O-methyltransferase formation by EB was observed in S. alboniger grown in liquid culture under conditions in which there was no effect on overall growth (16) . (iii) Continued low levels of O-methyltransferase even after several transfers of EB-treated cells in the absence of dye were also observed (17) . In our first studies, large numbers of colonies grown under different conditions in the presence of varying EB concentrations were surveyed by either plating hyphae or isolated spores, but only one permanently cured am -and puromycin-negative colony was isolated. In a second approach using fragmented hyphae (8, 15) Fig. 1 and 2 . The frequency of occurrence of am-colonies (Fig. 1) showed a time-dependent pattern throughout spore germination, outgrowth, and further vegetative growth. This frequency remained low for day 1, began increasing after 2 days, peaked by 5 days, and then decreased sharply.
In some experiments, a second round of increased curing was observed. Ninety percent of the primary am -isolates were found to be permanently cured of their ability to form aerial mycelia. In Fig. 2 , a primary plating is shown of S. alboniger treated 5 days with 5 ,uM EB; colonies cured of aerial mycelia appear smooth, waxy, and translucent (bald [13] ), whereas those having aerial mycelia are white, opaque, and powdery (hairy). All am-colonies tested did not produce the black pigment characteristic of the wild type. Tests of large numbers of cured colonies on HT agar have shown only a small mean reduction (a maximum of 50% in the experiment summarized in Fig. 1 ) in the amount of puromycin produced.
Further evidence for plasmid involvement in aerial mycelia formation was found with penicillin-resistant (penr) mutants Wild-type colonies are white and powdery; am -colonies appear smooth, waxy, and translucent. x 1.6. above) to obtain uninucleate haploid spores (12) , and were replated before scoring.
Glucose repression of aerial mycelia formation. In previous studies, L. Sankaran had noted that the morphological characteristics of S. alboniger on HT-glucose (HTG) agar were very similar to those of the am-colonies obtained after EB treatment. We confirmed this observation and found that colonies of S. alboniger, S. scabies, and S. coelicolor grown on HTG agar did not develop aerial mycelia (Fig. 3 [top view] and Fig. 4 [cross section] ). Addition of glycerol to HT agar had no effect on aerial mycelia formation. Although colonies grown in the presence of glucose developed only substrate mycelia, microscope examination showed the eventual formation of spores in all cases. Unexpectedly, the glucose repression of aerial mycelia formation was reversed most effectively by adenine (2.5 mM or higher) (Fig. 3) , whereas cyclic adenosine 3',5'-monophosphate (cAMP) had no effect. S. scabies showed the best reversal with 2.5 mM adenine; 5 almost so) at the more acid pH's (5.0 to 5.5) with S. alboniger and S. scabies and only partial or zero at higher pH's. With S. coelicolor, glucose repression was evident over a wider pH range (5.0 to 7.0). Adenine significantly reversed glucose repression, except at pH 5.0, with S. alboniger and S. coelicolor. In all cases, the pH of the agar surrounding the colonies did not show any change when tested with appropriate indicator dyes (bromcresol green, bromcresol purple, and phenol red). However, the colonies themselves (at pH's >5.5) always appeared more acidic in HTG agar, suggesting that accumulation of undissociated organic acids was occurring. We, therefore, think that a mechanism similar to that described by Haavik (10) was operative to inhibit aerial mycelia formation.
Puromycin production on agar by S. alboniger was repressed by glucose over the entire VOL. 125, 1976 pH range tested and, therefore, is probably regulated through a mechanism more related to classical catabolite repression. These results agreed with studies on the O-methyltransferase, which specifically catalyzes the formation of puromycin, where glucose repression in liquid culture was found in media buffered with CaCO3 to maintain the pH above 7 (17) .
It is of interest that uric acid, adenine, and other purine bases have been reported to in-crease puromycin yields in S. alboniger (S. A. Szumski and J. J. Goodman, U.S. patent no. 2,797,187; June 25, 1957). We found that adenine, and to a lesser extent adenosine, increased antibiotic production on HT agar containing glycerol and that higher levels (7.5 to 10 mM) of adenine reversed repression of puromycin formation. In S. scabies (tye+ [8] ), melanin formation was also repressed by glucose and reversed by 2.5 mM adenine.
DISCUSSION
Our studies have confirmed and extended the observations of Okanishi et al. (15) and a recent report by Kiihler and Noack (14) on the "curing" of the am+ trait in streptomycetes. We have presumptive evidence for the involvement of extrachromosomal DNA in the formation of aerial mycelia in S. alboniger. The use of inocula of individual spores allowed us to follow the incidence of appearance of am-colonies during spore germination and growth. The results showed that the frequency of am -colonies was highly time dependent and suggest that a sensitive period for curing occurs, possibly at a time in growth where extrachromosomal DNA is being replicated or expressed. The later decrease in curing frequencies to base line levels might be explained by reintroduction of plasmids into cured cells as hyphal division, branching, and growth continue.
Although Schrempf et al. (18) have recently reported the isolation of covalently closed circles of extrachromosomal DNA from S. coelicolor, all of our attempts (E. Zelinkova, unpublished data) to physically demonstrate the presence of plasmid DNA in S. alboniger or S. scabies have so far been unsuccessful.
The molecular basis for glucose repression of aerial mycelia formation is not known. More unexpected and also not yet explained is the inability of cyclic nucleotides to reverse the repression and the relatively specific reversal by adenine and purine nucleosides. It is conceivable that these compounds somehow stimulate changes in intracellular cyclic nucleotides. Possible permeability barriers to the entrance of cyclic and other nucleotides were not tested. cGMP seems to be involved in the control of growth and sporulation in B. licheniformis (1) . cAMP has been implicated in the induction of differentiation in some organisms, including the transition of Dictyostelium discoideum from the amoeboid to multicellular aggregate stage (5), formation of predivisional cell forms from elongated stalk cells in Caulobacter crescentus (19) , and inhibition of uniform conidia formation and stimulation of mycelia growth and aerial hyphae formation in Neurospora crassa (20) . However, adenine was inactive under conditions in which cAMP stimulated formation of tyrosinase in N. crassa (4) and fruiting bodies in Myxococcus xanthus (2) . Also, adenine had no effect in human astrocytoma cells, where adenosine and adenine nucleotides increased intracellular cAMP levels (3) .
Morphological differences between substrate and aerial mycelia in streptomycetes have been reported (13) , but little is known about possible biochemical differences. Elucidation of the molecular events involved in triggering development of aerial mycelia in Streptomyces offers an exciting approach to the study of differentiation in a prokaryote. however, when grown on nonfermentable carbon sources, glucose plus chloramphenicol, or glucose plus EB, yeastlike colonies developed. These changes were reversible in the case of nonfermentable carbon sources, but permanently cured yeastlike colonies were obtained after growth in the presence of chloramphenicol or EB. The authors suggested that a loss of mitochondrial function caused the permanent morphological alterations.
